Purpose: Bacterial biofilm develop on the surfaces of urinary catheter and proceed to cause full blown bacterial infections and sepsis. Urinary catheters, infection rates increase with the duration of catheterization at rates of per day with virtually all of those who undergo long-term catheterization becoming infected. Also antibiotics results in the adaptation and development of resistance leading to treatment failure, prolonged hospitalization, increased costs of care, and increased mortality. Methods: In the present study total 200 used urinary catheters were studied from the different hospitals of Amravati city in 2015-2016. Different bacterial uropathogens were isolated by conventional method and biofilm formation was studied by tissue culture plate (TCP). Antibiotic sensitivity was performed by disc diffusion method. Minimum inhibitory concentration (MIC) and Minimum biofilm eradicating concentration (MBEC) of triclosan was determined by TCP. Results: Out of total samples 93% are contaminated. Around 59% urinary catheters contain mixed consortia. Pseudomonas aeruginosa was found to be the strong biofilm forming and multidrug resistant organism. The most effective drug over seven bacteria isolates were chloramphenicol. Triclosan was used to test against the strong and moderate biofilm forming isolates the MIC of triclosan ranged between 1.5 and 1000 μg/ml and MBEC was between 800 and 3200 μg/ml Conclusions: From the study it was concluded that female are more prone to be infected with catheter associated infection. Pseudomonas aeruginosa was found to be deadly caused of infection, as it is highly resistant to antibiotics. Also triclosan showed effective result on the bacterial uropathogens.
Introduction
Urinary tract infection (UTI) is one of the most common bacterial infections in humans, with an estimated annual incidence rate of nearly 13% in women [1] UTIs accounts for 40% of all nosocomial infections and about 80% of nosocomial UTIs are related to urethral catheterization [2] . Urethral catheters are indispensible devices which are widely used to measure urine output, collect urine during surgery and manage urethral obstruction [3] [4] .
The risk of UTI can be related to the length of time the catheter in place. Most patients catheterized for a week or less would escape from infection, but for the many elderly and disabled patients who are catheterized for several months or years, bacteriuria is inevitable [5] . In addition, several studies showed that antibiotic resistance in UPEC is increasing nowadays [6] [7] . Prolonged urinary tract infections can facilitate the development of catheter biofilm while indwelling (Foley) catheters are effective in relieving urinary retention and managing urinary incontinence, external bacteria have easy access to the bladder, and catheterization can often result in bacteriuria. The phenotype of bacteria in established biofilm is profoundly different from those growing in a planktonic mode [8] . Moreover, increased resistance in this bacteria to antibacterial agents, making systemic antibiotics and antiseptic bladder installations for their elimination from urinary catheter even worse [9] [10].
Pathogenesis of Catheter-Associated Biofilm
Patients with chronic indwelling catheters may have >105 viable bacteria per milliliter of urine [11] . These bacteria enter the bladder through the mucosal sheath around the catheter. It is likely that mechanical irritation of the urethral and bladder mucosa by the catheter enhances the susceptibility of these structures to invasion by organisms. Bacteria may be introduced into the bladder of patients with indwelling urinary catheters by three major routes [12] [13]:
1) Introduction at the time of catheter insertion, 2) Migration of bacteria present in the urethra around the catheter, 3) Ascent of bacteria through the lumen of the catheter from a contaminated drainage system. The development and increased use of closed methods of catheter drainage have contributed to reduction of the latter problem and markedly improved the management of UTI. However, a closed catheter system merely postpones the inevitable; a recent study by [14] showed that bacteriuria began developing in a patient group after the second day, with 100% of the patients developing bacteriuria by 1 month. Although a small number of urethral bacteria may be intro-A. A. Tiwari, N. Ghnawate Open Journal of Medical Microbiology duced into the bladder when the catheter is inserted, they appear to be washed out by urine flow or are unable to adhere and multiply in the bladder. This is thought to account for the relatively low incidence of bacteriuria after single or intermittent catheterisation. An illuminating study by [15] into the mechanism of bacterial invasion of the urinary tract via devices showed that the intraluminal ascent of bacteria is faster (32 -48 h) than extraluminal ascent (72 -168 h). Colonisation of the luminal surface, particularly of urinary devices, has been shown in a number of studies [16] [17] [18] . Adherence of bacteria to the device surface is the first step in infection, but our understanding of the cause of this interaction is important for prevention of device-related infection. [19] [20] has shown that planktonic bacteria can produce signalling molecules such as acylated homoserine lactones with the ability to absorb to surfaces, thereby serving to attract the bacteria. Gene expression can also be triggered [21] embedded within the confluent glycocalyx. During the critical stage in attachment of reversible adherence, the bacterial cells can upregulate specific adhesion genes. Then, in order to ensure their successful colonisation of the surface, extrapolymeric substances, chiefly exopolysaccharide, are synthesised to provide a protective glycocalyx as the fledgling community of a new biofilm develops. Rapidly dividing bacteria can spread along the surface of a device within the glycocalyx of the biofilm. Some of the surface bacteria can be shed and become free to attach to a new, non-colonised surface [22] [23] .
The catheter helps to connect the heavily colonized perineum with the sterile bladder, thus providing a route for bacterial entry into the bladder. For example P. mirabilis, Providenncia stuartii, Morganella morganii and K. pneumonia produce urease and form a unique type of crystalline biofilm on catheters [24] .
Urease production by these organisms enables them to break down the urea in urine [25] [26] and release ammonia, which raises the urine pH resulting in calcium and magnesium phosphate crystal formation within the biofilm matrix [27] . The crystal formation is medically significant because of the blockage of catheters due to crystallization and encrustation, which can lead to bladder distension, pyelonephritis when urine from the distended bladder reluxes into the kidney. Additionally crystalline biofilm that form on the outside of the catheter can lead to irritation and trauma of the urethral mucosa [28] [29] . Urine pools in the bladder or in the catheter results into urinary stasis that promotes bacterial growth. Additionally, the catheter also damages the bladder mucosa by triggering inflammatory response and mechanical erosion [30] . Once bacteria gain entry into the urinary tract, low level bacteriuria progresses within 24 to 48 h in the absence of an antimicrobial therapy [31] [32] [33] .
The biofilm is a complex unit. It can be up to 500 cells deep, but may only be composed of a small percentage of bacterial cells with the remainder being comprised of extrapolymeric substances. Within the urinary tract, the matrix may also contain large quantities of encrusting minerals [34] . Microcolonies of bacterial cells are found within the biofilm matrix, and water filled channels ob- It has been shown that bacterial growth can be slow or almost absent [36] . Consequently, the potency of antibiotics is reduced significantly if their mode of action is dependent on bacterial growth. Bacteria within a biofilm are 50 -500 times more resistant to antibiotics than their planktonic counterparts [37] [38].
In the manner that stationary growth phase bacteria are more resistant to many antibiotics than are logarithmic phase cells, bacteria become significantly more resistant immediately after they adhere to a surface and subsequently increase this resistance over the ensuing days of biofilm formation [39] .
Triclosan
Triclosan is a broad-spectrum hydrophobic antimicrobial agent. Triclosan is a synthetic, broad-spectrum antimicrobial agent. It has been available in the market for about four decades. Medical uses of it include: eradication of methicillin-resistant Staphylococcus aureus (MRSA) in patients by reducing skin colonization [44] , skin and wounds disinfection, oral hygiene products to control dental plaque accumulation and gingivitis. It is also used in a wide variety of cosmetic products, fabrics, plastics and other products to prevent deterioration due to microbes. Triclosan is present in many consumer products and brands which includes: soap and dishwashing liquid, towels, mattresses, sponges, personal care products, shower curtains, deodorants, toothbrushes, phones, kitchenware and plastic food containers, shoes, flooring and carpets, cutting boards, clothing and fabrics, children's toys and many other consumer products [45] . Triclosan possesses antibacterial properties along with antifungal and antiviral activities [45] . Using a very strong antimicrobial agent such as triclosan domestically or in everyday use causes more harm than benefits. Many antimicrobial treatments are toxic detrimental method to eradicate all microorganisms to which they are applied. This approach includes the risk of toxicity to host organisms, that is, the plants or animals (including humans) exposed to treatment for microbial infections. Also, it could be toxic to humans when food items, kitchen wares, objects and surfaces are treated with antimicrobials. Use of triclosan or other antimicrobials can also destroy the beneficial bacteria which occur naturally in the environment and in our bodies [FSNET, 2000] . These friendly bacteria cause no harm but produce beneficial effects such as aiding metabolism and inhibiting the invasion of harmful pathogens [46] . Constant A. A. Tiwari, N. Ghnawate exposure to triclosan can also cause genetic mutations resulting in drug-resistant bacteria, which are harmful microbes that are more resistant [47] . Also, According to United States Food and drug Administration [2010] , there is no evidence that triclosan provides extra benefits to health in consumer products except in tooth paste where it prevents gingivitis.
Mechanism of Action of Triclosan
Triclosan acts by blocking the active site of the enoyl-acyl carrier protein reductase enzyme (ENR), which is an essential enzyme in fatty acid synthesis in bacteria [48] [49] . By blocking the active site, triclosan inhibits the enzyme, and therefore prevents the bacteria from synthesizing fatty acid, which is necessary for building cell membranes, for keeping the selective permeability and for reproducing [48] [49]. Triclosan is a very potent inhibitor of ENR. Triclosan binds to bacterial enoyl-acyl carrier protein reductase enzyme (ENR), which is encoded by the gene FabI. This binding increases the enzyme's affinity for nicotinamide adenine dinucleotide (NAD+). These results to formation of a stable ENRNAD+− triclosan complex, and only low concentrations are needed for powerful bactericidal action [50] . Humans do not have this ENR enzyme, and are therefore not affected. The present study was carried out to know the incidence of catheter associated nosocomial infections in the Hospitals of Amravati, Maharashtra State, India in 2015-2016. The study focuses on isolation and identification of nosocomial bacterial uropathogens from urinary catheters and detection of biofilm formation of the isolated uropathogens by Tissue culture plate (TCP) method. Furthermore, the antibiotic susceptibility of the uropathogens was studied against the different class of antibiotics and effect of triclosan on strong and moderate biofilm forming isolates by three different methods disc diffusion, MIC and MBEC by TCP.
Methodology

Study Design
A retrospective analysis of culture results of used urinary catheter was performed at Department of Microbiology at Sant Gadge Baba Amravati University. The sex, age and duration of catheterization of patients, the organism isolated, biofilm forming ability, antimicrobial susceptibility profiles and effect of triclosan were studied. All experiment assays were performed independently and in triplicate. 
Sample Collection and Processing
Isolation and Identification of Uropathogens
Resulting cell suspensions were cultured by taking a loopful of suspension on to Hi-chrome UTI agar plates [51] 
In vitro Antibiotic Susceptibility of Uropathogens
Antibiotic susceptibility testing against isolates was performed according to 
Detection of Biofilm Formation by TCP Method [52]
Organisms isolated from fresh agar plates were inoculated in 10 ml of trypticase soy broth with 1% glucose. Broths were incubated at 37˚C for 24 h. The cultures were then diluted 1:100 with fresh medium. Individual wells of sterile 96 well flat bottom polystyrene tissue culture treated plates were filled with 200 μl of the diluted cultures. The control organisms were also incubated, diluted and added to tissue culture plate. Negative control wells contained inoculated sterile broth.
The plates were incubated at 37˚C for 24 h after incubation; contents of each well were removed by gentle tapping. The wells were washed with 0.2 ml of phosphate buffer saline (pH 7.2) four times. This removed free floating bacteria.
Biofilm formed by bacteria adherent to the wells were fixed by 2% sodium acetate and stained by crystal violet (0.1%). Excess stain was removed by using deionised water and plates were kept for drying. Optical density (OD) of stained adherent biofilm was obtained by using micro ELISA auto reader at wavelength 570 nm. Experiment was performed in triplicate [41] . Results were interpreted as per Disk diffusion AST (Antimicrobial susceptibility test) is also referred to as the Kirby-Bauer method, the top portion of three to five, 18 to 24 h old, well isolated, colonies transferred to a tube containing broth medium. The broth culture is incubated at 35˚C until the turbidity of the culture meets the turbidity of a 0.5 McFarland turbidity standard. Inoculation of the MH agar plate is accomplished as described by the CLSI. In essence, it involves swabbing the entire surface of the plate three times, in three different directions, to ensure that the organism grows over the entire surface of the plate. Small filter paper disks, each containing a triclosan an antimicrobial agent, are then placed on the agar surface, making sure that the entire lower surface of each disk is in contact with the agar surface. The plate is then inverted and incubated for 16 to 18 h at 35˚C in an incubator. During the incubation period, the drug diffuses into the agar After 16 to 18 h of incubation, the plate is removed from the incubator, and the diameter of each zone of no growth is carefully measured in millimeters.
Minimum Inhibitory Concentration (MIC) by Agar Dilution
The Triclosan to be tested is added to Muller Hinton (MH) agar, which is then placed in dilution plates and diluted with varying levels of water. After this, the pathogen to be tested is added to each plate, plus a control plate that does not receive Triclosan. The dilution plates are then incubated at 37˚C. The plates are then incubated for 24 h, although incubation time may be less for bacteria populations that divide quickly. After incubation, the plates are examined to determine if bacterial expansion has occurred. The lowest concentration of Triclosan that stopped the spread of the bacteria is considered to be the minimum inhibitory concentration of that bacterium.
Minimum Biofilm Eradicating Concentration by TCP Method [42]
The MBEC (Minimum biofilm eradicating concentration) Assay can be used to determine the efficacy of an antimicrobial agent against biofilm. The MBEC assay uses a 96-well plate with lid that allow for the adherence and growth of biofilm. MBEC assay is a very time efficient and accurate method of testing antimicrobial agent efficacy against biofilm. In this method take a sterile 96 well Tissue culture plate. In which add fresh trypticase soya broth (100 μL) and blank and control well also set up. 1 µL bacterial suspension is added into each well except blank and control therefore the mixture is diluted as 1:100. Incubated at 37˚C for 
Results
Urinary Catheters Collection and Durability
A total of 200 used urinary catheters were collected during the period of study. The urinary catheters were collected from the patients at different hospitals of Amravati region mentioned in Figure 1 . It has been observed that the maximum numbers of urinary catheters were contaminated by nosocomial pathogens suggesting septic conditions of the particular hospital, handling care of catheter by patients and the duration of catheterization. During the study only 7% of samples were found to be of no bacterial growth. It was observed that the female catheterized patients are more prone to infection as the catheter get contaminated with in less period of time as compare to male patients though the number of male catheter samples was more but the more frequently contamination were observed in the female catheterized patients. The maximum contaminations were observed in urinary catheters of males and females with duration of 6 -10 days and 26 -30 ( Figure 1 ). 
Isolation, Identification and Biofilm Formation of Uropathogens
In present study total 368 bacterial uropathogens were isolated from 200 urinary catheters. Out of which strains of different bacterial species were identified by using conventional methods and through VITEK2 automated identification. TCP the standard method is used to detect biofilm formation of the isolates, Pseudomonas aeruginosa (41.84%) Enterococcus faecalis (19.02%) and Staphylococcus aureus (16.84%) were strong biofilm forming. No species of Escherichia coli were found to be of strong biofilm forming explained in Figure 2 . During the study 59% (118 specimens) used urinary catheter was found with multiple bacterial species ( Table 2 ). In the urinary catheter colonized by mixed bacterial species, the major was found to be of Pseudomonas aeruginosa and Enterococ cus faecalis and the least colonized species was Dermacoccus nishmaneyasis. In Figure 2 . Biofilm forming ability of isolated bacterial uropathogens. 
Biofilm formation of isolated bacterial uropathogens
A. A. Tiwari, N. Ghnawate the similar manner, major bacterial colony species were same to the urinary catheter colonized by single bacterial species but the least species was observed that of stenotrophomonas maltophilia and Dermacoccus nishmaneyasis.
Antimicrobial Susceptibility of Bacterial Isolates from Used Urinary Catheters
The predominant growth of single bacteria was seen in 41% used urinary catheters. More than 60% of the isolates were sensitive to amikacin around 45% of the isolates were sensitive to ciprofloxacin and Gatifloxacin (Table 3 and Table 4 ). Amoxycillin was found the most resistant drug in all the isolated pathogens only susceptible to Proteus vulgaris, Enterococcus fecalis and Staphylococcus aureus. Escherichia coli, P aeruginosa, Enterococcus fecalis, and Staphylococcus aureus susceptibile to ciprofloxacin, amikacin, Gatifloxacin ceftriaxone followed by Gatifloxacin which showed high sensitivity against Klebsiella further Stenotrophomonas maltophilia was found to be equally susceptible to only four antibiotics i.e. amikacin, chloramphenicol, gatifloxacin, Nitrofurantoin. Proteus vulgaris completely sensitive to all the antibiotics equally and no resistant were observed. Dermacoccus nishmaneyasi rare species were highly susceptible to chloramphenicol, ciprofloxacin, gatifloxacin, nalidixic acid and resistant to all other antibiotics. Enterococcus faecalis resistant to Cefixime (Table 3 and Table 4 ).
Triclosan
As per our primary study Triclosan has shown lots of promising effects over eradication and prevention of biofilm in urinary catheter. The MIC of triclosan Table 3 . Antibiogram of Pseudomonas aeruginosa (n = 154), Klebsiella pneumonia (n = 28), Escherichia coli (n = 32), Stenotrophomonas maltophilia (n = 10) isolates from used urinary catheters of hospitals of Amravati city in 2015-2016. ranged between 1.5 to 1000 /ml and MBEC was between 800 to 3200 µ/ml i.e. BEC values were 3 to 1800 folds than MIC values. This in vitro antimicrobial activity of triclosan is mentioned in Figure 3 and Figure 4 for its in vivo profile against all catheter associated urinary tract infection needs further investigation up till now triclosan is our prime choice against uropathogens.
Discussion
Present study revealed that, indwelling urinary catheter gets contaminated by various nosocomial pathogens during the course of catheterization. Contamination also depends on the gender of patient. Female catheter are more prone to get contaminated around 95.83% female patients urinary catheter was contaminated. Duration of catheterization also influences of contamination. Maximum catheters are of 26 -30 days contamination of urinary catheter is also related to biofilm forming ability of the contaminants. If the bacteria are biofilm producer, there is more risk of its persistence and subsequent infection. Thus it was concluded that 93% of catheter gets contaminated during course of catheterization. 52.7% contaminants are biofilm forming Similarly, Abdallah and Balasubramanian, [42] screened 45 urinary catheters and found that out of 37 were found with a biofilm forming bacterial pathogens and over 25 days or months had a dense biofilm matrix seven species of microbial strains were isolated from the biofilm matrix and different bacteria that constituted the biofilm revealed that the Escherichia coli incidence was high (27%) followed by Proteus mirabilis (20%), Staphylococcus epidermis (18%) and Staphylococcus aureus (16%). Open Journal of Medical Microbiology Also Taiwo and Aderounmu, found that Klebsiella spp were the commonest pathogen isolated with 46 (36.6%), followed by Pseudomonas spp 34 (27.0%), Escherichia coli 26 (20.6%), Staphylococcus aureus 12 (9.5%), Proteus mirabilis 4 (3.2%), Candida albicans 4 (3.2%) and coagulase negative staphylococci 2 (1.6%). But in present study Pseudomonas aeruginosa was the commonest contaminant organism were found and two rare species of bacteria were also obtained Stenotrophomonas maltophilia and Dermacoccus nishinomiyaensis. Out of total 59% urinary catheters contains mixed consortia of bacteria in the present investigation.
In present study it was found that susceptibility profile shows multiple drug resistance among most of the biofilm forming isolates. Pseudomonas aeruginosa was found to be the most multidrug resistant organism. The most effective drug which were effective over seven bacterial isolates were chloramphenicol and gatifloxacin while amikacin, ciprofloxacin, nalidixic acid and nitofurantoin were effective over 6 isolated microorganisms which was followed by Ceftriaxone and Piperacillin which were found to be effective over five bacterial isolates. The least (Table 3 and Table 4 ). Reiter and Rajamoha, found that frequency of UTI was greater in women as compared to men as 66% of the patients were females and 34% were male it was observed that as the no. of male samples are more but the contaminated samples are more of female catheterized patient . Duration of catheterization is one of the leading reasons for the catheterized infection during the sampling it was observed that as longer the duration there is more chances of infection and blockage of the urinary catheter. Abdallah, Taiwo and Aderounmu observed that period ranging from 48 hours to over 28 days before change or removal and all were routinely placed on prophylactic systemic antibiotic following catheterization Pseudomonas aeruginosa among the three aminoglycosides, amikacin showed 72% susceptibility and in the present work it was observed that only 54.5% susceptible.
Enterococcus isolates were studied by Sivraj et al. total 68 species where checked for antibiotic resistance and found that high rates of resistance to ciprofloxacin, rifampicin and erythromycin were as in present study Enterococcus were completely resistant to cefixime. Also Koshariya were found that isolated Escherichia coli from urinary catheter were resistant to amoxicillin 58.7%, cefixime 83.6% but in the present study, it shows 100% resistance to amoxicillin, cefixime, piperacillin and cefaclor. During the present investigation two rare bacterial species was identified Dermacoccus nishmaneyasis and Stenotrophomonas maltophilia isolated from the urinary catheter sample. Similarly Mengegloglu et al. isolated Stenotrophomonas maltophilia from the three different sources respiratory tract followed by blood and wounds.
Conclusion
In the present study the number of catheter sample is more of male than female, but the bacterial contaminations were more observed in the female catheterized patients. Also the duration of catheterization is one of the important factors which is the main cause of contamination observed that as the patient get catheterized for longer duration the more is the encrustation and formation of slime layer inside the lumen of catheter. The main contaminant found was strong biofilm forming Pseudomonas aeruginosa highest in number among all single and multi species contaminated catheters sample of catheterized patients. During the study, two rare species Dermacoccus nishinomiyaensis and Stenotrophomonas maltophilia both show resistance to all other antibiotics except chloramphenicol and gatifloxacin. Triclosan used against strong and moderate biofilm forming isolates are very good. Minimum concentration is required for the inhibition of planktonic bacterial growth as performed by disc diffusion and MIC by TCP method and the concentration required for MBEC is higher than that of MIC values. The MIC of triclosan ranged between 1.5 and 1000 µ/ml and MBEC was between 800 and 3200 µ/ml i.e. MBEC values were 3 to 1800 folds than MIC values. 
